INTRODUCTION
Mass loss during breeding has been interpreted as an indicator of the stress of reproduction (Ricklefs 1974 ). Among seabirds, stress has been implicated in mass changes observed in Atlantic Puffins Fratercula arctica (Harris 1979 ), Thickbilled Murres Uria lomvia (Gaston and Nettleship 1981), and Common Murres Uria aalge (Belopol'skii 1956). However, Blem (1976) introduced the alternative hypothesis that mass reduction in birds was adaptive when he concluded that lipid storage levels in birds may be minimized to maintain a low wing loading. Norberg (1981) refined this idea, suggesting that mass loss during breeding may be a means of increasing flight efficiency. This could reduce the energy expended in foraging, and ultimately increase the reproductive success of the parents. This hypothesis has been used to explain seasonal variation in the mass of House Wrens (Troglodytes aedon) (Freed 1981) , and female Barn Swallows (Hirundo rustica) (Jones 1987) .
Although not mutually exclusive (loss of mass induced by stress will lead to savings on energy expended on flight due to reduced wing loading), the two hypotheses yield different predictions about the timing of mass loss. If stress induces mass loss, then mass should decline throughout the breeding period, and should decline most rapidly during the period of highest demandusually chick rearing. In contrast, if loss of mass is adaptive, the bird may experience an abrupt, or stepwise, decline in mass at (or preceding) the point where mass loss becomes most adaptive, i.e., when flight demand increases. Freed (1981) interpreted the observations that House Wrens lose mass before the period of highest nestling food demand, and that the mass of females stabilizes thereafter, to mean that the mass loss was adaptive rather than stress induced.
The murres and Razorbill (Uria spp. and Alca torda), which use their wings in diving, have the highest wing loading of any flying bird (Greenwalt 1962). Selection to increase swimming efficiency has led to a reduction in wing size. Pennycuick (1987) is negatively correlated with wing loading. Compared to a "standard seabird" of the same mass with longer and broader wings, an auk flies faster, but uses more energy per unit distance flown. We believe that wing loading is an important consideration for murres during chick rearing. Thickbilled Murres make more foraging trips during chick-rearing than during incubation (Gaston and Nettleship 1981, Gaston and Noble 1986). Presumably the advantages of improved flight efficiency are greatest at this time when the birds are doing the maximum amount of flying. Due to their extremely high wing loading, even relatively small changes in the mass of these birds may have a large effect on their flying efficiency and hence their energy budgets.
Because murres carry a single fish to their chicks in their bills, not in their stomachs, their ability to deliver food to the chick is even further constrained. The mean mass of fish delivered to Thick-billed Murre chicks at four colonies in the eastern Canadian arctic averaged less than 1.5% of adult body mass (Gaston and Nettleship 1981, Gaston 1985) . Similarly sized procellariiforms (with "standard" wing loading) are capable of delivering a mean food mass that is 15% of adult body mass (Pennycuick 1987 ). Hence we predict that murres are particularly likely to exhibit adaptive mass loss during breeding. This paper examines patterns of mass loss, and frequency of foraging trips for Thick-billed Murres breeding on Coats Island, Northwest Territories, Canada. Judging from chick growth, the availability of food in the vicinity of this colony appears to be very good compared to other colonies in the eastern Canadian arctic each period and slopes were tested for significance using t-tests. The mean mass of adults for each period was compared using analysis of variance (ANOVA), and multiple comparisons of the means were performed using the Scheffe multiple range test. Stastical procedures were performed using the Statistical Package for Social Sciences (SPSS). Median hatching dates were calculated for 1988 from egg density indices (n = 128) using the method described in Collins and Gaston (1987) 
INCUBATION/BROODING SHIFTS
Individual breeding sites were observed continuously for 24 or 48 hr in 1988 to estimate the duration of incubation shifts. One member from each breeding pair was captured prior to the beginning of the monitoring period and a piece of orange nylon ribbon was attached to the crown feathers with cyanoacrylate adhesive, so that the pair could be distinguished easily. Sites were observed from blinds at ranges of 5-15 m. Times of arrival and change-overs were recorded for each pair. Shift durations were calculated from the time of the first exchange of nest duties. After mid-July, darkness precluded the observation of the nests from about 23:00 to 03:00 local time (e.s.t.). However, as birds occupying sites at 23: 00 were invariably still present at 03:00, we assumed that no changeovers occurred during darkness. Observations were made of 14 pairs on 29 June-1 July, 10 pairs on 9-10 July, and 17 pairs on 18-19 July. Mean durations were calculated for each period and compared using ANOVA. 
RESULTS

MASS
The median date of hatching in both years was 29 July. There were no significant differences between years in the mean mass of either incubating or brooding birds (incubation t = (Table 2) . Hence, each adult made an average of 2.4 feeding trips daily in 1988 and 1.7 trips in 1989. In 1988 the number of trips made by breeders feeding chicks was 2.2 times higher than those made by incubating birds.
NUMBERS OF TRIPS FROM COLONY TO
The difference between years in the rates at which chicks were fed (1.4 more feeds/chick in 1988 than 1989; t = 37.47, P < 0.01) suggests that food was probably scarcer in 1989 than in 1988. Consequently, incubation shifts may also have been longer in 1989, and the difference be- Fig. 2) .
Alternatively, the power requirements for flight in incubating and brooding murres may be estimated using the equations of program la found in Pennyquick (1989). This calculation assumes If the demands of reproduction were imposing a stress during either incubation or brooding, we would expect adult mass to decline continuously. This should be especially true during chick-rearing, as the energy demands of the chick increase as it grows. The fact that mass decline levels off soon after the start of chick-rearing implies that breeders are able to meet the increasing energetic demands of the growing chick without having to utilize their own energy reserves.
The observed mass of nonbreeding murres lends further support to the hypothesis that loss of mass is adaptive. Since these birds are not reproductive, their lower mass cannot be a result of reproductive stress (however, their lower mass could be a result of a lower foraging efficiency). It is interesting to note that the mass of Thickbilled Murres killed off Newfoundland in winter averaged 0.952 kg, about 7% lighter than incubating breeders (Gaston et al. 1983b) . The similarity of these masses to those of brooding murres implies that this lower mass may be more energetically efficient. If a lower mass is optimal in terms of flight energetics, why do murres maintain a higher mass during incubation? Nest attendance durations are significantly longer during incubation than during brooding, sometimes exceeding 48 hr (Gaston and Nettleship 1981, Gaston and Noble 1986). The duration of incubation shifts is presumably determined by a trade-off between selection for longer shifts, to reduce the amount of traveling, and the amount of fat reserves that can be carried. During incubation, the ability of the adult to undertake long incubation shifts is adaptive; parents that can remain on the nest for long durations will raise more offspring than those that, due to their inability to fast, must abandon their eggs to feed (this is occasionally observed in years when food availability is low; A.J.G., pers. obs.). However, once the chick hatches, its metabolic needs require the adults to return to the nest more frequently; adult fat reserves become less important in offspring survival because the chick cannot survive long periods without feeding.
We conclude that loss of mass in breeding Thick-billed Murres occurs as a result of a programmed adaptive response to the transition from incubation to chick-rearing, rather than as a result of stress. Gaston and Jones (1989) similarly concluded that stress was not involved in mass lost by Ancient Murrelets Synthliboramphus antiquum during breeding. Changes in the availability of food may modify the pattern of mass loss. During years of low prey availability, adults may lose mass throughout chick-rearing. However, as we observed, the adaptive hypothesis suggests that murres should exhibit some loss of mass between incubation and chick-rearing even when prey is abundant. This is what we observed.
